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@ Room temperature curable polymeric composition. 



(57) A room temperature curable polymeric composition comprising (A) at least one hydrotyzable silyi 
group-containing polymer selected from the group consisting of aJkylene oxide polymers blocked by a 
hydrolyzable silyl group at a terminal end of molecular chain thereof and organopolysiloxanes blocked 
by a hydrolyzable silyl group at a terminal end of molecular chain thereof, (B) an epoxy compound, (C) a 
carbonyl group-containing organic compound, (D) an amino group-containing organic compound, and 
(E) a curing catalyst for the component (A). The composition is excellent in fast-curing property and 
deep portion curing property, and a cured product obtained therefrom has good rubber properties. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a room temperature curable polymeric composition which is useful as con- 
structional I sea ,ng matenal, coating material, encapsulating or potting material for electric and electronic com- 
ponents, f.ber-treat.ng agent, adhesive for automotive, constructional and electric or electronic uses, and so 

2. Description of the Prior Art 

As a condensation-curing type room temperature curable composition comprising an alkylene oxide poly- 
mer or an organopolysUoxane as base polymer, there have been known those of one-pack type in which the 
amount of crosshnking agent is reduced to an utmost degree and crosslinking rate is enhanced by hydrolysis 
of hydrolyzable groups introduced into the base component and those of two-pack type in which a crosslinking 
agent and a curing agent are enclosed in separate packs. 

Hn„ e H ?r Ve K .I" 6 T'^t ^ compos ' 6ons need a considerable length of time for curing to their deep por- 
Tr!, S y f 6 3 9h ^ " an fr0rn the Surface thereof - The l "°-Pack type compositions are com- 
pany better .n deep port,on curing properties, but they are disadvantageous in that, because their two 
parts ,n separate packs are not formulated for a mixing ratio of 1:1 by volume or by weight, they are poorly 

or the like. In the two-pack type compositions, furthermore, suitable ranges for addition amounts of crosslink- 
ing agent and curing agent necessary for complete cure to deep portions of the composition are very narrow 
and. accord,ngly, ,t is necessary to specify strictly the addition amounts of the crosslinking agent and curing 
agent or to add water as a deep portion curing agent. 9 
n m ,^S' CUm T l rompo f itions «™P™n9 as main constituents thereof a so-called crosslinkable silyl 

who«^ h 7 9 V ° X ' de POlymer ' i a " a ' kylene ° Xide P0lymer con,aini "9 a nydrolyzable silyl group 
whose hydrolysis ,s accompanied by crosslinking. and an epoxy resin have been developed (See Japanese 
Pre-exam.nat.on Patent Publication (KOKAI) Nos. 61-268720 (1986). 62-283120 (1987) 2-145674 f1990> 2 

"m™^ 2 - 22 ^ 5 thiStyPe blinking and cu^J^^e 

silyl group-conta.n.ng alkylene ox.de polymer proceeds separately from that of the epoxy resin. Namely the 
cross hnkable silyl group-containing alkylene oxide polymer is cured by crosslinking which results from forma- 

acTmrn^'^ 968 " aCtl '° n ° f m0iStUre ' WhSreaS tHe ep ° Xy r6Sin is cured «* linking which 

accompanies catalytic opening of epoxy rings. 

a «i^ USeS ° f IT 886 CUrab ' B compositions include - for example, application as an adhesive for areas where 
r n Trlrr , r 'T^ i0 ' ieldS ° f e,eCtriC and atec * onic industry and instruction materials. 
^TrZ Tr' T ""Vo**™ are required to have high cure rate and adhesive strength, and 

cured products thereof are required to be elastic. 

However, the above-mentioned curable compositions comprising a crosslinkable silyl group-containing al- 

toZTl ^T* Tl 3 " ePOXy reS ' n 38 mai " ""P™*"* need a considerable Jgth of^e for Zng 
, the,BOf ;. becau f the si, y' ^containing polymer is cured by moisture in air. On the other 
£U; J£ h ■ S , pre " m,nar "y added to composition in order to shorten the period of time nec- 

essary for deep-portion curing, shelf life of the composition is lowered. 

SUMMARY OF THE INVENTION 

in„ P^N CC ?f I 9 * a " ° bjeCt ° f lhe PreS6nt inventl '° n 10 provide 3 room '^Perature curable composition hav- 
ing excellent fast-cunng property and deep portion curing property 

^1^^,?^ iS attained aCCOrdinQ l ° the PreSenl inventi0 " by a curable composition comprising a 
Sxlne Lh » 9rOUp - COnta,nin 9 alk * ene Po'vmer or a crosslinkable silyl group-containing 

a «JS ™ group^ontainmg polymeric compound is produced in the composition by reactfon between 
SvTh ?' n9 ° r9aniC C ° n,P0Und 3 Primary amin ° ^containing organic compound. 

IS at LTTh^TTT" 85 3 ro ° m temperature curab| e PO'ymeric composition comprising: 
(A at least one hydrolyzable silyl group-containing polym r sel cted from the group consisting of alkvlen 
ox.de polymers blocked by a hydrolyzable silyl group at a terminal end of molLla^S 
ganopolysHoxanes blocked by a hydrolyzable sflyl group at a terminal end of mo. cular 
(B) an epoxy compound; 



EP 0 584 978 A1 



(C) a carbonyl group-containing organic compound; 

(D) an amino group-containing organic compound; and 

(E) a curing catalyst for the component (A). 

The composition according to the present invention is excellent in fast-curing property and deep portion 
curing property, and cured products obtained therefrom have good rubber properties. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

(A) Hydrolyzable silyl group-containing polymer 

The component (A), serving as base polymer of the composition according to the present invention, may 
be a hydrolyzable silyl group-containing alkyfene oxide polymer or a hydrolyzable silyl group- containing orga- 
nopexy siloxane or both of these polymers. 

(A-1) Hydrolyzable silyl group- containing alkylene oxide polymer 

The alkylene oxide polymer is blocked by a hydrolyzable silyl group at a terminal end of its molecular chain. 
The hydrolyzable silyl group contained in the alkylene oxide polymer includes, for example, those groups hav- 
ing the following general formula (1): 



wherein R 1 is a substituted or unsubstituted monovalent hydrocarbon group such as, for example, alkyl groups 
such as methyl, ethyl, propyl and the like, cycloalkyl groups such as cyclohexyl and the like, alkenyt groups 
such as vinyl, allyl and the like, aryl groups such as phenyl, tolyl and the like, and groups derived from these 
groups by substitution of part of their hydrogen atoms with halogen atom or the like; R 2 is a divalent hydrocar- 

30 bon group such as methylene, ethylene, propylene or decene group, -CH 2 CH 2 C 6 H 4 CH2- group and the like; 
X is a hydrolyzable group selected from alkenyloxyl groups such as isopropenyloxyl, isobutenyloxyl and the 
like, ketoxime groups such as dimethyl ketoxime group, methyl ethyl ketoxime group and the like, alkoxyl 
groups such as methoxyl, ethoxyl, butoxyl and the like, acyloxyl groups such as acetoxyl and the like, amino 
groups such as N-butylamino, N,N- diethyl ami no and the like, aminoxyl groups such as N,N-diethylaminoxyl 

35 and the like, amide groups such as N- methyl ace tarn id e group and the like, carboxyl group and the like; and 
a is an integer from 0 to 2, with the proviso that where two R1 groups are present they may be the same or 
different, and where two or more X groups are present they may be the same or different. Where a plurality 
of such terminal hydrolyzable groups are present, they may be the same or different from each other. 

Among the hydrolyzable silyl groups having the general formula (1) above, preferred are those containing 

40 an alkenyloxyl group as X. Namely, where the hydrolyzable sQyl group contains an alkenyloxyl group as X in 
the general formula (1), hydrolysis thereof and the subsequent condensation produces a ketone which can 
serve as component (C), whereby the amount of the component (C) originally present in the composition can 
be reduced and the amount of condensation products formed by hydrolysis can be controlled. Specific exam- 
ples of the hydrolyzable silyl groups of the general formula (1) containing an alkenyl group as X include the 

45 groups of the following general formulas (2-1 ), (2-2) and (2-3): 
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-R 2 -Si-X 
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(R 1 ). 

-R 2 -Si-0-^> (2-3) 
(0R 5 ) r . 

wherein R\ R* and a are the same as defined above; R3 is a d to C 6 alkyl group such as methyl, ethyl propyl 
and isobutyl, an aryl group such as phenyl, an alkenyl group such as vinyl, or the like; R* may be the same or 

w different from each other and each are a hydrogen atom, a C, to C e alkyl group such as methyl, ethyl and propyl 
phenyl group, or the like; R* is a C1 to C 6 alkyl group such as methyl, ethyl, n-propyl, iso-propyl and t-butyl! 
phenyl group or the like; b is an integer from 1 to 3; and c is an integer from 0 to 3, provided the sum a+b+c 
is 3. Among these hydrolyzable silyl groups, particularly preferred are those of the general formula (2-1) and 
those of the general formula (2-3), wherein in the formulas R 1 is methyl, R2 j S -C 3 H 6 -, R3 is methyl R 4 is hy- 

15 drogen, R 5 is methyl. 

The alkylene oxide polymers terminated by a hydrolyzable sflyl group of the general formula (2-1), (2-2) 
or (2-3) can be prepared, for example, by the following two methods. 

In a first method, an alkylene oxide polymer having an unsaturated group, e.g. vinyl or allyl group, at a 
terminal end thereof is brought into contact with a silane compound having the following general formula (3): 



20 
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50 



(R')a R 3 
I I /R< 

H-Si-(0-C=c: ) b (3) 
I V 
(0R 5 ) C 



wherein R\ R* to R*, a, b and c are the same as defined above, to effect addition reaction (hydrosilyiation) 
between the terminal unsaturated group and the silane compound in the presence of a platinum catalyst, as 
30 is known in the art. 

According to a second method, an alkylene oxide polymer containing a hydrolyzable silyl group at a ter- 
minal end thereof having the following general formula (4): 

* tt 1 ). R 3 

I I / J? 1 

-^-Si-CO-C^C 7 ) 



wherein Ri, R* R3, R4 and a are the as defined abov ^ and d fe an integer from 1 to 3 provided the sum 
a+d is 3, is reacted with an alcohol having the general formula RS-OH (where R* is the same as defined above) 
in the presence of a basic compound such as triethylamine. 

The backbone chain of the alkylene oxide polymer is comprised of alkylene oxide units, specific examples 
of which include -CH 2 CH 2 0-, 

-CH 2 CH0- , -CH 2 CH0- . 
I I 
CH 3 CH 2 CH 3 



-CH 2 CH 2 CH 2 CH 2 0- and the like. The backbone chain may be constituted of only one kind of the structural units 
or be constituted of two or more kinds of the structural units. Among the structural units, particularly preferred 
is the - CH 2 CH(CH 3 )0- unit. In addition to the alkylene oxide units, the backbone chain of the alkyl n oxid 
polymer may contain other structural units in an amount of up to 3% by mole. The other structural units than 
55 th alkylene oxide units include, for example, 
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CH 3 CH3CH3 CH 3 

I II I 

-C 3 H«SiC 3 H 6 - . -C 3 H 6 SiOSiC 3 H G - . -CH 2 SiCH 2 - . 

I II I 

5 CHa CH3CH3 CH 3 

CH3CH3 CH3CH3 

II II 
-CH 2 SiOSiCHj - . -Ci 0 HnSiOSiCioH«- 

10 II I I 

CH3CH3 CH3CH3 

and the tike. 

15 The molecular chain of the alkylene oxide polymer may have a linear, branched or cyclic configuration or 

a combination of these configurations. 

The molecular weight of the alkylene oxide polymer is not particularly limited, provided the crossl inking 
by crosslinkable silyl groups takes place. From the viewpoint of availability, however, the molecular weight may 
normally range from 2,000 to 20,000. 

20 

(A-2) Hydrolyzable silyl group-containing organopolysiloxane 

The organopolysiloxane is blocked by a hydrolyzable silyl group at a terminal end of its molecular chain, 
and serve as a major component of the composition according to the present invention. 
25 The organopolysiloxane includes, for example, polysiloxanes having the following general formula (5): 

(R 1 ) 1 R" (R') m 
I I I 

» Xa-i-SiO-(SiO). -S1-X3- (5) 

30 ( 

R' 

wherein R 1 and X are the same as above-defined, I and m may be the same or different from each other and 
35 each are an integer from 0 to 2, and n is an integer of 10 or above. Where a plurality of terminal hydrolyzable 
groups are present, they may be the same or different from each other. 

Of the organopolysiloxanes of the general formula (5), those containing an alkenyloxyi group as X are pre- 
ferred in view of formation of a ketone, which can serve as component (C), through hydrolysis and the sub- 
sequent condensation. The formation of ketone makes it possible to reduce the amount of the component (C) 
40 originally present in the composition and to control the amount of condensation products formed by hydrolysis. 
The organopolysiloxane as component (A) preferably has a viscosity at 25°C of from 25 to 1 ,000,000 cSt, 
more preferably from 1 ,000 to 1 00,000 cSt. 

(B) Epoxy compound 

45 

The component (B) may be any of known epoxy compounds, there being no special restrictions. For ex- 
ample, glycidyl ether-bisphenol A type epoxy resins, glycidyl ether-bis phenol F type epoxy resins, glycidyl 
ethertetrabromobisphenol A type epoxy resins, novolak type epoxy resins, m-aminophenol type epoxy resins, 
diaminodiphenylmethane epoxy resins, urethane-modified epoxy resins, alicyclic epoxy resins, aliphatic epoxy 

so resins, N,N-diglycidylaniline, triglycidyl isocyanurate, polyalkylene glycol glycidyl ethers, polysiloxane glycidyl 
ethers, polysilane glycol glycidyl ethers, epoxy-modif ied siloxane compounds (available under the trade names 
of KF105, X-22-163A, X-22-163B, X-22-163C, KF100T, KF101, X-22-169AS, X-22-169B, KF-102 and KF103, 
from Shin-Etsu Chemical Co., Ltd.) and so forth. Among these epoxy compounds, pr ferred are Epikot 828 
and 827 (tradenames for products by Yuka Shell K.K.) and KF100T and KF102 (tradenam s for products by 

55 Shin-Etsu Chemical Co., Ltd.). In order to nsure that three-dimensional Crosslin king proceeds smoothly to 
giv a satisfactory cured product, th epoxy compound f component (B) preferably has at I ast two epoxy 
groups in its molecule. 

The amount of the epoxy compound (B) is preferably such that, wher th total amount of the components 

5 
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(A) and (B) is 100 parts by weight, the weight ratio of component (A) to component (B) is in the range from 
1 :99 to 99:1 , more preferably from 80:20 to 50:50. 

(C) Carbonyl group-containing organic compound 

The organic compound containing a carbonyl group (C=0) reacts with the organic compound having a pri- 
mary ammo group (NH 2 group) of component (D) to form water, which acts as a deep portion curing agent for 
the composition. 

The carbonyl group-containing compound includes, for example, ketones such as acetone methyl ethyl 
ketone, acetophenone, cyclohexanone and the like; esters such as ethyl acetate, butyl acetate, methyl pro- 
pionate, ethyl acrylate. butyrolactone and the like; amides such as dimethylformamide, diethylacetamide bu- 
tyrolactam and the like; carboxyiic acids such as acetic acid, propionic acid, benzoic acid and the like- silane 
coupling agents having a carbonyl group-containing portion of the just-mentioned compounds as a functional 
group; carbonyl group-containing polymers and oligomers, and the like. Among these compounds preferred 
are acetone and cyclohexanone. 

The carbonyl group-containing compounds as above may be used either singly or in combination of two 
or more. 

The amount of the component (C) in the composition is preferably in the range from 0.001 to 1 mole more 
preferably from 0.01 to 0.1 mole, per 100 parts by weight of the components (A) and (B) in total. If the amount 
of the component (C) is too small, the composition does not show a satisfactory deep portion curing property 
at the time of curing thereof. If the amount of the component (C) is too large, on the other hand, an elastic 
cured product of the composition is softer and lower in strength, as compared to that obtained where the 
amount of the component (C) is at a suitable level. 

25 (D) Amino group-containing organic compound 

The component (D) has both a characteristic property for reacting with the carbonyl group-containing or- 
ganic compound (C) to form water which acts as a deep portion curing agent, as described above, and a char- 
actenstic property for acting as a curing agent for the epoxy compound of component (B) 

The primary amino group-containing organic compound includes, for example, primary amines such as 
metnylamine, ethylamine. butylamine. ethylenediamine. triethylenetetramine. aniline. 4,4 > -diaminodiphenyl 
ether and the like; ammo group-containing organosilicon compound such as silane coupling agent having a 
pnmaryam.no group as a functional group, such as gamma-aminopropyltriethoxysilane and the like; aliphatic 
polyammes; and primary amino group-containing polymers or oligomers such as primary amino group- 
containing alkylene oxide polymers, primary amino group-containing polysiloxanes and the like. 

Among these compounds, amino group-containing organosilicon compounds are particularly preferable 
in that the resulting composition shows good rubber-like elasticity properties upon cure. Such amino group- 
conta.n.ng organosilicon compounds include, for example, those compounds which have a basic skeleton com- 
posed of one or more types of structures exemplified by the following general formulas (6) 



20 



30 
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40 



R 6 R G 



-f [ -°- • "Si-. -Si-Si-. -Si-0- -Si 
R 6 R . L ' ' I 



wherein R6 is an a'M group such as methyl and ethyl, an aryl group such as phenyl, an alkenyl group 
such as vinyl and allyl, an alkoxyl group such as trifluoropropyl, methoxyl. ethoxyl and isopropoxyl an amino 

so group, an aminoxyl group, acetoxyl group or the like. 

and the like and which contain a primary amino group linked to the skeleton by a linking group. The amino 
group-containing organosPteon compound may be linear, branched or cyclic in molecular configuration or may 
have a comb.nat.on of these configurations. B sides.ther are no special restrictions on th molecular weight 
of the am.no group-containing organosilicon compounds. Specific xamplesof theamin group-containing or- 

55 ganosihcon compound include the compounds represented by any of the following structural formulas- 
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CH3 CH3 CgHj CgHj 

II II 

H 2 N-C 3 H 6 -Si-0-Si-C 3 H 6 -NH2 . H 2 N-C 3 H 6 -Si — 0— Si -C 3 H 6 -NH 2 
II II 
CH3 CH 3 C«H S C 6 H S 

OCH, 0CH 3 0C 2 H 5 0CjH 5 

II II 

HjN-CHe-Si-O-Si-CaH^-NH* . H 2 N-C,H 6 -Si-O-Si -C 3 H 6 -NH 2 
II II 
OCH, OCH3 0C 2 H 5 OC 2 H s 

,s CH=CH 2 CH = CH 2 OCili OCH, 

II II 
H 2 N-C 3 H B -Si - 0 -Si — C 3 He — NH 2 . H 2 N-C 3 H s -Si-0-Si-C 3 H 6 -NH 2 
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CH 3 CH 3 CH 3 CH 3 



OCH, OCH 3 
I I 
H 2 N-C3Hc-Si-(-0-Si-C 3 H s -NH2) 2 . 
I 

OCH3 
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0C 2 H 5 0C 2 H 5 
t I 
H 2 N-C3H e -Si-(-0-Si-C 3 H 6 -NII 2 ) 



2J2 
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H CH 3 CHs H 

I I I | 

IUN-WU -N~C 3 H 6 -Si -O-Si -C 3 (l 6 -N-CIU - I 

t I 

CH 3 CH 3 



CH 3 CH 3 
I I 

H 2 N-C 3 H e -(Si -0)„ -Si-C,H B -NH 2 . 
I I 
CHs CH 3 



H 0CH 3 OCH 3 H 

III I 
H 2 N-C 2 H<-N-C 3 H 6 -Si-0-Si-C 3 Hc-N-C 2 H<-f 

0CH 3 OCH 3 



0CH 3 OCH3 OCH 



3 



H,N-C,H,-Si-0-(Si-0-). -Si-CIL-NII, 
I I I 

OCH 3 C 3 H G -NH 2 0CH 2 



0CH 3 OCH3 
I I 

H 2 N-C 3 He-Si-(-0-Si-C 3 H 0 -N=C(CH 3 )(i-C < H fl )) 
OCH3 



and the like, and the compounds commercially available under the tradenames of KF393 KRKQ k-far 

KF td ? KF8o ° 2 - kf8004 - KF8oos - — 

staining only one primary amino group in its molecule b used it is preferat To l^Z^olZ 
pound containing two or more primary amino groups in its molecule. 3«neran organic com- 

The amount of the component (D) in the composition is preferably in the range from 0 01 to 200 carts bv 

s.tion, long-term shelf life of the composition in uncured state, economy and the like a more preferable ranoe 
for the amount of the component (D) is from 5 to 50 parts by weight. preferable range 

For accelerating the curing of the epoxy compound of component (B) if necessarv a comnru.nH r a r«hi» 

component (D) The compounds capable of curing the epoxy compound include, for exampl amine conv 

zT ter£y Z: ° ^ ^ ^ 52^3^ 

zole tertiary amin s, amino group-containing organosflicon compounds and the like acid anhvdrid com- 
pounds, phenolic resins, mercaptane compounds, dicyandiamide. Lewis acid comp ex *«iSS£S so oT 
These compounds may be used either singly or in c m bin alio n of two or more. v™*™"* 5 and 80 on - 
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Among the above compounds, amino group-containing organosilicon compounds are particularly prefer- 
able for the resulting composition to exhibit rubber-like elasticity upon cure. Such amino group-containing or- 
ganosilicon compounds include, for example, the compounds which have a basic skeleton composed of one 
or more types of structures exemplif ied by the above general formulas (6) and the like and which contain an 

5 amino group linked to the skeleton either directly or through a linking group. The amino group here may be 
any of secondary and tertiary amino groups. The amino group-containing organosilicon compound may be lin- 
ear, branched or cyclic in configuration, or may have a combination of these configurations. There are no spe- 
cial restrictions on the molecular weight of the amino group-containing organosilicon compounds. 

The basic forms which the amino group linked to the above-described skeleton can have includes, for ex- 

10 ample, the forms of 



-NHCH 3 . -N(CH 3 ) 2 . -NHC 2 H 5 . -N(C 2 H 5 ) 2 . 

15 -NHSi(CH 3 ) 3 . -N(Si(CH 3 ) 3 ) 2 . -NHSi(0CH 3 ) 3 . -N(Si(0CH 3 ) 3 ) 2 . 

CH 3 CH 3 
I I 
-HNSi(0CH 3 ) 2 . -N(Si(0CH 3 )2>2 . 

-C 3 H 6 -N=C(CH 3 ) 2 . -C 3 H 6 -N=0(CH3)(C 2 H 5 ) , 

-C 3 H 6 -N=C(CH 3 ) (i -C.Hp) , 

-CH 2 -N=C(CH 3 ) 2 . -CH 2 -N=C(CH 3 )(C 2 H 5 ) . 

-CH 2 -N = C(CH 3 )(i-C 4 H 9 ) , 



20 



25 



and the like groups, and the form of a piperidine group. The amino groups in such forms are linked to the basic 
30 skeleton through a linking group which may be an alicyclic group, an aromatic group, an aliphatic group or a 
combination thereof. Specifically, preferable examples of the amino group-containing organosilicon com- 
pounds include the followings. 
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Clb C I ! 3 
I I 

(CH 3 )(i-C 4 H 1) )C=N-C,H 6 -Si-0-Si-C J H 6 -N=C(CH3)(j-C < H,) 

I I 
CH 3 CH 3 



OCH 3 OCH3 

(CH3)(i-C«H 9 )C=N-C3H 6 -Si-0-Si-C3H 6 -N=C(CH 3 )(i-C«H 9 ) 

I I 
OCH3 OCH3 



CH3 CH 3 
I I 

(CII 3 ) (C 2 Ho)C=N- C 3 Hs — Si —0 — Si C 3 H 6 -N=C(CH 3 ) (C 2 H 5 ) . 
I I 
CH 3 CHi 



0CH 3 OCH3 
I I 

(CH 3 )(C 2 H 5 )C=N-C3H 6 -Si-0-Si-C3H 6 -N=C(CH 3 )(C 2 H 5 ) 

I I 
OCH3 OCHj 



CH=CH 2 CH=CH 2 
I I 

(CH 3 )(i-C4H 9 )C=N-C 3 H 6 -Si- 0 -Si - C 3 H 6 -N=C(CH 3 ) ( i -C,H.) , 

I I 



CII3 



CH 3 



0C 2 H 5 0C : Hs 
I I 

(CH3)(i-C,H 8 )C=N-C3H6-Si-0-Si-C 3 H6-N=C(CH3)(i-C,H e ) 

I I 
OCHs OCHs 



OCH3 OCH3 

(CH. 1 )(i-C 4 H9)C=N-C3H e -Si-0-Si-C 3 H6-N=C(CH3)(i-C,H 9 ) 

CH 3 CH 3 
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0CH 3 UCH 3 
I I 

(CH3)(i-C4H9)C=N-C 3 H 6 -Si-0-(-Si-0-)„- 

5 I 1 

0CH 3 C 3 H6-N-C(CH 3 )(C 2 H 5 ) 

GCH 3 
t 

10 -Si-C 3 H fi -N=C(CH 3 )(i-CJfl) . 

I 

OCH3 

15 Where these compounds capable of curing the epoxy composition of component (B) are contained in the 

composition of the present invention in addition to the component (D), the total amount of these compounds 
and the component (D) is preferably in the range from 0.01 to 200 parts by weight per 100 parts by weight of 
the component (B). Taking into special consideration the cure rate of the composition, long-term shelf life of 
the composition in uncured state, economy and the like, a more preferable range for said total amount is from 

20 5 to 50 parts by weight 

(E) Curing catalyst for hydrolyzable silyl group-containing polymer (A) 

As the component (E), which is a curing catalyst for the hydrolyzable silyl group-containing polymer (A), 
25 tin catalysts and titanium catalysts can be used, for example. More specifically, the component (E) includes, 
for example, organic tin compounds such as tin naphthenate, tin cap rate, tin oleate, dibutyltin diacetate, dibu- 
tyltin dioctate, dibutyltin dilaurate, dibutyltin dioleate, diphenyltin diacetate, dibutyltin oxide, dibutyltin dimeth- 
oxide, dibutylbis(triethoxysiloxy)tin, dibutyltin benzyl mateate and the tike; and titanic esters or titanium chelate 
compounds such as tetraisopro poxy titanium, tetra-n-butoxytitanium, tetrabis(2-ethylhexoxy)titanium, dipro- 
30 poxybis (acetyl acetonato )titanium, titanium isopropoxyoctylene glycol and the like. 

Furthermore, in order to enhance the activity of the above catalyst, a basic compound may be used to- 
gether. Basic compounds which can be used for this purpose include, for example, amines such as octylamine, 
laurylamine and the like, cyclic amines such as imidazoline, tetrahydropyrimidine, 1,8~diazabicydo(5,4,0)un- 
decene-7 and the like, guanidyl group-containing silane compounds such as guanidine propyl tris(trimethylsh 
35 loxy)silane or a partial hydrolyzates thereof, guanidyl group-containing siloxanes and so forth. 

The amount of the catalyst (E) is preferably from 0.1 to 10 parts by weight per 100 parts by weight of the 
component (A). Taking the cure rate of the composition, long-term shelf life of the composition in uncured state, 
economy and the like into special account, a more preferable range for the amount of the catalyst (E) is from 
0.5 to 5 parts by weight. 

40 

Other ingredients 

In addition to the above components (A) to (E), the room temperature curable composition of the present 
invention may contain other various ingredients, as desired. For example, stabilizers such as methyltrimethox- 

45 ysilane, methyltripropenoxysilane, vinyl tributanoximesilane, methyltriacetoxysilane and the like, reinforcing 
agents such as fumed silica, precipitated silica, aluminum oxide, ground quartz, carbon powder, talc, bentonite 
and the like, fibrous fillers such as asbestos, glass fibers, organic fibers and the like, coloring agents such as 
pigments, dyes and the like, heat resistance improving agents such as red oxide, cerium oxide and the like, 
cold resistance improving agents, dehydrating agents, adhesion-improving agents such as gamma-glycidox- 

50 ypropyltriethoxysilane and the like, liquid reinforcing agents such as network polysiloxanes comprised of trior- 
ganosiloxy units and Si02 units, and the like can be added to the composition. These ingredients may be added 
in desired amounts, as required. 

Preparation of composition 

55 

The composition according to the pres ntinv ntioncanb btained as a one-pack type room temperature 
curable composition by uniformly mixing d sired amounts of the components (A) to (E) and th optional ingre- 
dients added as required, in a dry atmosphere. In this case, th component (C) or (D) may be mixed in a mi- 
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croencapsulated state, whereby a one-pack type room temperature curable composition with improved shelf 
life can be obtained. Alternatively, the composition of the present invention can be obtained as a two-pack type 
composition, namely, a composition consisting of two parts which are contained in separate packs and are 
mixed with each other at the time of use of the composition. Where the composition is prepared as the two- 
pack type, the two parts in separate packs can be easily formulated for a mixing ratio of 1 :1 resultinq in aood 
workability. a 

Use 

The composition according to the present invention, in view of fast-curing property and deep portion curing 
property thereof, is useful as constructional sealing material, coating material, encapsulating or potting material 
for electric and electronic components, fiber- treating agent, adhesive for automotive, constructional and elec- 
tric or electronic uses, and so forth. Particularly, the composition is effective for use as an oil seal material in 
the manufacture of automobiles where high fast-curing property and deep portion curing property are required 
and as a sealing material or potting material in electric and electronics industry where rationalization of man- 
ufacturing steps is demanded in recent years. 

In the curing of the composition according to the present invention, the carbonyl group possessed by the 
component (C) and the primary amino group present in the component (D) react with each other as represented 
by the following formula: 

25 to form water, which is utilized as a deep portion curing agent in the system where it is formed, whereby fast- 
curing property and deep portion curing property of the composition are markedly enhanced. 

Thus, the composition according to the present invention has the advantage of easy formulation for a 11 
mixing ratio where the composition is prepared as a two-pack type composition. Furthermore, the composition 
of the present invention is highly suited to practical use because the components for forming water (which acts 
as a deep portion curing agent, as described above), namely, the carbonyl group-containing organic compound 
and the primary amino group-containing organic compound are both easily available. 

EXAMPLES 
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The working examples of the present invention and comparative examples will now be described below. 
Synthesis Example 1 

To 100 g of an allyi group-terminated polypropylene glycol (molecular weight: 8,000) having been azeo- 
tropically dehydrated using 100 g of toluene, were added 6.2 g of diisopropenyloxymethylsilane and 0.5 g of 
H 2 PtCI 6 as catalyst, and the resulting mixture was reacted at 80°C for 4 hours. The reaction was finished after 
the consumption of 95% of the Si-H groups of the starting silane was confirmed by Si-H value measurement 
using an alkali decomposition method. The reaction mixture thus obtained was heated under a reduced pres- 
sure to remove volatile components therefrom, whereby the reaction product was obtained as a substantially 
transparent viscous liquid. The reaction product had a molecular weight of 8,300. NMR and IR absorption spec- 
troscopic analyses and determination of isopropenyloxysilyl group by an alkali decomposition method revealed 
that 95% of the hydroxysilyl groups of the starting silane had been added to the terminal allyl groups of the 
polypropylene glycol. For convenience, the reaction product obtained in this Synthesis Example 1 will be re- 
ferred to as "Polymer A H . 

Synthesis Example 2 

A mixture of 1 00 g of Polymer A with 1 00 g of methanol and 50 g of triethylamine was reacted with heating 
at reflux for 10 hours. Removal of volatile components from the resulting reaction mixture by heating under a 
reduced pressure gav the reaction product as a substantially transparent viscous liquid 

The product obtained had a molecular weight of 8,200. NMR and IR absorption sp ctroscopic analyses 
and determination of isopropenyloxysilyl group and methoxysilyl group by an alkali decomposition m thod re- 
vealed that the molar ratio of isopropenyloxysilyl groups to methoxysilyl groups was 52:48. For conv nience, 

12 
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the reaction product obtained in this Synthesis Example 2 will be referred to as "Polymer B". 
Synthesis Example 3 

5 To 100 g of an allyl group-terminated polypropylene glycol (molecular weight: 8,000) having been azeo- 

tropically dehydrated using 100 g of toluene, were added 4.1 g of dime thoxymethylsi lane and 0.5 g of H 2 PtCI 6 
as catalyst, and the resulting mixture was reacted at 80°C for 4 hours. The reaction was finished after the con- 
sumption of 95% of the Si-H groups of the starting silane was confirmed by Si-H value measurement using 
an alkali decomposition method. The reaction mixture thus obtained was heated under a reduced pressure to 

10 remove volatile components therefrom, whereby the reaction product was obtained as a substantially trans- 
parent viscous liquid. 

The reaction product had a molecular weight of 8,200. NMR and IR absorption spectroscopic analyses and 
determination of methoxysilyl group by an alkali decomposition method revealed that 95% of the hydroxys ilyt 
groups of the starting silane had been added to the terminal allyl groups of the polypropylene glycol. For con- 
15 venience, the reaction product obtained in this Synthesis Example 3 will be referred to as "Polymer C". 

Examples 1 to 12, Comparative Examples 1 to 4 

In each of these Examples and Comparative Examples, one of Polymers A, B and C obtained respectively 
20 in Synthesis Examples 1 to 3 above were mixed with other constituents for composition in specific proportions, 
as set forth in Tables 1 and 2, to give a composition. Each composition thus obtained was formed into a sheet- 
like shape, 2 mm in thickness, which was left to stand in an atmosphere of 20° C and 60% relative humidity. 
After 24 hours, the cured product obtained was tested to measure hardness, tensile strength and elongation 
according to JIS K 6301. Hardness measurement was carried out using a Type A spring hardness tester. 
25 The results are given in Tables 1 and 2. 

Deep portion curing property was evaluated by placing each composition in a 10-mm deep plastic vessel 
and, after 2 hours, measuring the cured thickness of deep portion of the composition (the thickness of the 
cured composition layer as measured depthwise from the surface). 
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Tabic 2 







Example 




Comp . 
Kx . 
3 




Exampl e 




Crimp . 
Ex. 
4 


Composition 


7 


8 


9 


10 


11 


12 


Constituents (parts by weight): 


















Polymer A 


60 




- 


- 


60 




- 


- 


Polymer D 




60 








60 






Polymer C 






60 


60 






60 


60 


Acetone 


0 . 


3 0.3 


1 




0. 


3 0.3 






Cyclohexanone 




0.2 








0.2 


1 




2,4, 6-Trisdimethyl- 
phenyl ether- 


















Trie thy ltet rami ne 


















Compound (A ) * 2 










40 


40 


40 


40 


Compound (B) * 2 


40 


40 


40 


40 










Bis(p-guanidylphenyl )- 
propane 


















KF100T/ products by Shin-Elsu 




40 


40 


40 










KF102 Ichemical Co., Ltd. 


|40 








40 


40 


40 


40 


Dihutyltin dimethoxide 


2 


2 


2 


2 


2 


2 


2 


2 


Gamma-aminopropyl- 
triethoxysilane 


1 


1 


1 


1 


1 


1 


1 


1 


Physical properties: 


















Hardness 


3R 


36 


31 




35 


32 


28 




Tensile strength (kgf/om^) 


33 


3 3 


27 


(bad* 1 ) 


31 


31 


29 


[bad* 1 ! 


Elongation (%) 


460 


430 


450 


V cure / 


470 


460 


410 


\ cure ' 


Cured thickness of deep 


10 


10 


10 


1 


10 


10 


10 


X 



10 



15 



20 



25 



30 



35 



port i ons (mm) 



40 



Notes *1: In Comparative Examples 3 and 4, the composition was sepa- 
rated into parts at the time of curing, and satisfactory cured 
product was not obtained in a target length of time (24 hours). 
*2: Compounds (A) and (B) have the following structures, respec- 
tively. 



45 



50 



(A): CH 3 CH 3 

I i 

H 2 N-C 3 H B -Si-0-Si-C 3 H 6 -NH 2 
I ! 
CH 3 CH a 



(B): 0CH 3 0CH 3 0CH 3 

i I I 

H 2 N-C 3 H«-Si-0-C-Si-0-)„ Si-WUNIU 

I I I 

0CH 3 C 3 H 6 NIb OClb 
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Examples 13 to 18, Comparative Examples 5 and 6 

In ach of these Examples and Comparative Examples, a dim thylpolysiloxane block d by vinyldiisopro- 
penyloxysilyl group at both terminal ends of its molecular chain and having a viscosity of 2,000 cSt at 25°C 
(Polymer A), a dimethyl polysiloxane block d by vinyldiisopropenyloxysilyl group at both terminal ends of its 
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10 



molecular chair, and hav.ng a viscosity of 8,000 cSt at 25-C (Polymer B) and a dimethyl polysiloxane blocked 
by tnmethoxysilyl group at both terminal ends of its molecular chain and having a viscosity of 8 000 cSt (Poly- 
mer C) were mixed together with other several components in specific proportions, as set forth in Table 3 to 
g.ve a composition. Each composition thus obtained was formed into a sheet-like shape, 2 mm in thickness 
which was leftto stand in an atmosphere of 20*C and 60% relative humidity. After 24 hours, the cured product 
obta.ned was tested to measure hardness, tensile strength and elongation according to JIS K 6301 Hardness 
measurement was carried out using a Type A spring hardness tester. 
The results are given in Table 3. 

Deep portion curing property was evaluated by placing each composition in a 10-mm deep plastic vessel 
and after 2 hours measuring the cured thickness of deep portion of the composition (the thickness of the 
cured composition layer as measured depthwise from the surface). 
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Claims 

1. A room temperature curable polymeric composition comprising: 

(A) at least one hydrolyzable silyl group-containing polymer selected from the group consisting of at- 
5 kylene oxide polymers blocked by a hydrolyzable silyl group at a terminal end of molecular chain thereof 

and organopolysiloxanes blocked by a hydrolyzable silyl group at a terminal end of molecular chain 
thereof; 

(B) an epoxy compound; 

(C) a carbonyl group-containing organic compound; 

10 (D) an amino group-containing organic compound; and 

(E) a curing catalyst for the component (A). 

2. The composition of Claim 1 , wherein the hydrolyzable silyl group of component (A) forms a ketone by hy- 
drolysis. 
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3. The composition of Claim 1 , wherein the amino group-containing organic compound of component (D) is 
an organosilicon compound containing at least two primary amino groups in its molecule. 

4. A cured product obtained by curing the composition as defined in Claim 1. 
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